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EP 0 504 794 B1
Description

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to an electrophotographic photosensitive member, and more particularly to an elec-
trophotographic photosensitive member comprised of a protective layer containing particular resin and a photosensitive
layer containing a particular compound. The present invention also relates to an electrophotographic apparatus, a
device unit and a facsimile machine using such an electrophotographic photosensitive member.

Related Background Art

An electrophotographic photosensitive member is of course required to have sensitivity, electric characteristics
and optical characteristics necessary for the electrophotographic process. In particular, a photosensitive member being
used over again is brought into a condition that electrical and mechanical external forces caused during the steps of
corona charging, image exposure, toner development, transfer to paper and cleaning are directly and repeatedly ap-
plied to the surface of the photosensitive member and, therefore, is required to withstand those external forces. Spe-
cifically, a photosensitive member must have durability against abrasion and/or flaws caused on its surface due to slide
contact with other components during the steps of transfer and cleaning, deterioration of the photosensitive member
and potential characteristics due to ozone generated during the step of corona charging, etc. In view of another problem
that toner tends to deposit on the surface of a photosensitive member due to the repeated steps of toner development
and cleaning, a good cleaning ability is also required.

To satisfy the above requirements imposed on photosensitive members, it has been attempted to provide a surface
protective layer, containing resin as a main ingredient, over a photosensitive layer. For instance, Japanese Patent
Application Laid-Open No. 56-42863 and No. 53-103741 propose use of a protective layer containing setting type resin
as a main ingredient to improve hardness and wear resistance.

The documents resembling earlier European patent applications in the sense of Art. 54(3) and (4) EPC are further
discussed in the following.

The EP-A-0 425 224 discloses an electrophotographic member comprising a photoconductive layer and a protec-
tive layer coated thereon and comprising a resin formed by hardening specific acrylic compounds.

The photosensitive layer contains a charge-transporting material, and the reference refers, in this respect, to a variety
of patent literature encompassing a huge number of classes of organic photoconductive compounds. A specific hy-
drazone compound is used in an example of this reference.

In the EP-A-0 460 558, an electrophotographic photosensitive member is formed by disposing a photosensitive
layer and a protective layer in this order on an electroconductive support, wherein the protective layer is formed from
a resin obtained by polymerization of curable acrylic monomer having at least three acrylic groups.

As an exemplified charge transporting substance to be used for the charge transport layer of the photosensitive layer,
Example 5 of this document uses a compound corresponding to the reference Compound Example No. (1-24) listed
below. Accordingly, the melting point thereof is 139.0 = 140.0.

The EP-A-0 464 749 discloses an electrophotographic photosensitive member comprising a photoconductive sup-
port and a photosensitive layer coated thereon in the form of a resinous layer obtained by polymerization of a specific
phosphazene polyene compound. An additional protective layer formed from an acrylic type resin is not applied in the
system of this reference.

However, in the case of using such setting type resin as a surface protective layer, particularly where an underlying
photosensitive layer is an organic photosensitive layer also containing resin as a main ingredient, it has been experi-
enced that contraction produced upon hardening of the setting type resin may cause cracks in the protective layer and/
or the photosensitive layer, thus giving rise to defects in an image reproduced.

Further, obtaining a higher quality image requires not only that the protective layer of the photosensitive member
has such characteristics as high hardness and superior wear resistance, but also that the protective layer itself has
proper resistance. When the resistance of the protective layer is too high, there occurs an increase in the so-called
residual potential, i.e., accumulation of electric charges in the protective layer through the repeated electrophotographic
process of charging and exposure. This results in unstable image quality because the potential is not kept steady during
repeated use of the photosensitive member. Conversely, when the resistance is too low, an electrostatic latent image
tends to drift in the planer direction, which gives rise to the problem such as blur or feathering. For the purpose of
solving those problems, it is proposed in, for example, Japanese Patent Application Laid-Open No. 57-30843 to control
resistance of a protective layer by adding a metal oxide in the form of electroconductive fine particles to the protective
layer.
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Even in the case of using that proposed protective layer, however, it has been found that the protective layer and/
or the photosensitive layer may crack when setting type resin is used as resin for the protective layer and an organic
photosensitive layer is used as the photosensitive layer.

In view of a recent increasing demand for higher image quality and higher durability, studies and researches have
been made to develop an electrophotographic photosensitive member which is more highly durable and can stably
present an image of higher quality.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an electrophotographic photosensitive member which can suppress
the occurrence of cracks in the photosensitive member during forming of a protective layer, has high durability, and is
free from any image defects.

Another object of the present invention is to provide an electrophotographic photosensitive member which can
keep high image quality without accumulating a residual potential through the electrophotographic process repeated.

Still another object of the present invention is to provide an electrophotographic apparatus, a device unit and a
facsimile machine using such as electrophotographic photosensitive member.

Specifically, the present invention resides in an electrophotographic photosensitive member comprising a conduc-
tive support, a photosensitive layer and a protective layer, the protective layer containing resin formed by hardening a
light-setting type acrylic monomer, and the photosensitive layer containing at least one compound selected from the
group consisting of (A), (B) and (C) below as charge transport material:

(A) styryl compounds having a structure expressed by the following formula (1) and a melting point not higher than
135 °C;

Ar' \\

N-Ar®*—€CH=C}7R’ (1)
Ar?* / |

RZ

wherein Arl and Ar2 are aromatic ring groups, Ard is a bivalent aromatic ring group or a bivalent heterocyclic group,
R is an alkyl group or an aromatic ring group, R2 is a hydrogen atom, an alkyl group or an aromatic ring group,
and n, is 1 or 2, R! and R2 may be joined together to form a ring when n, = 1:

(B) triarylamine compounds having a structure expressed by the following formula (2) and a melting point not
higher than 150 °C;

6 (2)

wherein Ar4, Ar5 and Ar8 are each an aromatic ring group or a heterocyclic group:
(C) hydrazone compounds having a structure expressed by the following formula (3) and a melting point not higher
than 155 °C;

R? R*"
I /
A C=N-—N\ (3)
R® " M
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wherein R® is a hydrogen atom or an alkyl group, R* and R® are alkyl groups, aralkyl groups or aromatic ring
groups, n, is 1 or 2, A is an aromatic ring group, a heterocyclic group or - CH = G(R8)R7 (R® and R7 are hydrogen
atoms, aromatic ring groups or heterocyclic groups, provided that Ré and R? are not both hydrogen atoms at the
same time).

Also, the present invention resides in an electrophotographic apparatus, a device unit and a facsimile machine
using the above electrophotographic photosensitive member.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows an example of schematic arrangement of an electrophotographic apparatus using an electrophoto-
graphic photosensitive member of the present invention.

Fig. 2 shows an example of a block diagram of a facsimile machine using the electrophotographic photosensitive
member of the present invention.

DETAILED DESCRIPTION OF THE INVENTION AND EMBODIMENTS

A protective layer included in an electrophotographic photosensitive member of the present invention contains
resin obtained by hardening a light-setting type acrylic monomer (hereinafter referred to as an acrylic monomer of the
present invention).

As an attempt of using setting type acrylic resin in a protective layer of a photosensitive member, use of heat-
setting type acrylic resin is exemplified in Japanese Patent Application Laid-Open No. 61-5253 and No. 1-178972, for
instance. However, when such heat-setting type acrylic resin is coated on an organic photosensitive layer and hardened
under heating, a hardener, an acrylic monomer, an acrylic olygomer and so forth are forced to migrate into the photo-
sensitive layer during the temperature increasing process, and react with charge transporting materials and/or charge
generating materials to cause drawbacks such as a reduction in the sensitivity and an increase in the residual potential.

As aresult of conducting various studies in view of the above, the inventors have found that those drawbacks can
be solved by using the light-setting type acrylic monomer.

Further, the resin obtained from the light-setting type acrylic monomer has sufficient hardness which is one of
important characteristics required for the protective layer.

Examples of the acrylic monomer of the present invention are enumerated below, but not in a limiting sense.
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Illustrated Structural
Compound No. Formula
(1)
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(2)

(3)

(4)
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(8)
CHZOR CHZOR
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!
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(10)
CH3CH2C—{CH2003H60R ]
3

(11)
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H
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(15)
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(20)
HOCHZ—-C CHZO—CCHZCHZCHZCHZCHZOR 3
i 3
o
(21)
R O OR
/
P 6
V72N
N N
R O | I OR
Np d
2 WA
R O N OR
In the above formulae, R and R' are given by the following formulae:
O H 0 CH3

The resin used in the present invention may be obtained from two or more light-setting type acrylic monomers or
may be mixed with other types of resins such as polyester, polycarbonate, polyurethane, acrylic resin, epoxy resin,
silicone resin, alkyd resin, and copolymer of vinyl chloride and vinyl acetate.

When hardening the acrylic monomer of the present invention, an optical starting agent (or photo-initiator) is used.
The amount of addition of the optical starting agent is preferably in a range of 0.1 to 40 wt.% based on the total weight
of the acrylic monomer, more preferably in a range of 0.5 to 20 wt.%. Examples of the optical starting agent used are
enumerated below, but not in a limiting sense.

o)
]

C-CH .
O i O R" = isopropyl or isobutyl

OR
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o .
¥ o
c B
SMe O
H3C—-N N—CH3
| b
CH, CH,
()
X
C COOCH,
0 0 o

A0 0 Xy

0 (8]
I R" = isopropyl or

C : R"' E:j[é]::]:ém methyl or ethyl
S S R"‘

0 0 Cl o OCZHS

<:Fc —CH, [ijrc c (o8 E:]~c gz .
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O OCH,
LI
c-C
!
OCH,

From the standpoint of controlling resistance of the protective layer, the protective layer in the present invention
preferably contains conductive particles, e.g., metal oxide particles, in a dispersed state.

Examples of such particles of conductive metal oxide are particles of zinc oxide, titanium oxide, tin oxide, antimony
oxide, indium oxide, bismuth oxide, indium oxide doped with tin, tin oxide doped with antimony, and zirconium oxide.
These metal oxides may be used solely or in the mixed form consisting of two or more kinds. Two or more kinds of
metal oxides may be mixed with each other into the form of a solid solution or fusion. The content of metal oxide
particles in the present invention is preferably in a range of 5 to 90 wt.% based on the total weight of the protective
layer, more preferably in arange of 10 to 90 wt.%. If the content of metal oxide particles is less than 5 wt. %, a resistance
value of the protective layer might be too high. If it is greater than 90 wt.%, the resistance value tends to be lower than
a level required for the surface layer of the photosensitive member, thus resulting in a reduced charging ability and the
cause of pin holes.

When dispersing conductive particles into the protective layer, in particle size is preferably smaller than the wave-
length of incident light for the purpose of preventing the incident light from being scattered by the dispersed particles.
In general, the number-average particle size is preferably less than 0.3um. The smaller the particle size of the dispersed
particles, the more the dispersed particles will become hard to disperse. In the present invention, therefore, it is pref-
erable to use the light-setting type acrylic monomer having three or more functional groups per molecule, or the light-
setting type acrylic monomer having the number of functional groups not less than 0.004 mol/g per unit weight. The
larger number of functional groups per molecule is also preferable in point of hardness because the resin structure is
more likely to become three-dimensional.

Additionally, in order to further improve dispersibility, adhesion and resistance against environments, the protective
layer in the present invention may be added with any of various coupling agent and/or anti-oxidizing agents.

The thickness of the protective layer in the present invention is preferably in a range of 0.1 to 10 um, more preferably
in a range of 0.5 t0 7 um.

The protective layer can be coated by any of such methods as spray coating, beam coating and dip coating.

As mentioned before, where a protective layer using setting-type resin is provided on an organic photosensitive
layer, the protective layer and the photosensitive layer have a tendency to easily crack.

Although the detailed mechanism as to how the photosensitive member cracks upon coating and hardening of the
protective layer have not been clarified yet, it is easily presumed that film contraction caused during hardening of the
protective layer takes a part in the mechanism, and thought that such cracks are also attributable to the structure of
the setting type monomer for the resin used in the protective layer. Specifically, it is believed that the more the number
of functional groups in the monomer per molecule, i.e., the more the number of functional groups in the monomer per
unit weight, the easiler the cracks will be likely to occur. As mentioned above, however, the light setting type acrylic
monomer as a monomer for resin used in the protective layer has higher hardness and is improved in such character-
istics as resistance against scraping and flaws, with an increase in the number of functional groups in the acrylic
monomer per molecule or unit weight. Moreover, where conductive particles are dispersed into the protective layer,
dispersibility is improved as the number of functional groups in the light-setting type acrylic monomer increases. Ac-
cordingly, the advantage obtained by using the light-setting type acrylic monomer having the larger number of functional
groups as a monomer for resin used in the protective layer is remarkable, and the invention of a technique of forming
a protective layer on an organic photosensitive layer by the use of such resin without causing cracks is very valuable.

In view of the above, the inventors have conducted various studies and researches and, as a result, accomplished
the present invention based on the finding that by providing a protective layer of the present invention on a photosen-
sitive layer containing a charge transporting material which has the particular structure and melting point, a photosen-
sitive member can be prevented from cracking.

More specifically, the present invention resides in an electrophotographic photosensitive member comprising a
conductive support, a photosensitive layer and a protective layer, the protective layer containing resin formed by hard-
ening a light-setting type acrylic monomer, and the photosensitive layer containing at least one compound selected
from the group consisting of (A), (B) and (C) below:

11
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(A) styryl compounds having a structure expressed by the following formula (1) and a melting point not higher than
135°C;

Ar'
N—Ar®—CH=C}—R" (1)
Ar® / I
R2

wherein Arl and Ar2 are aromatic ring groups, Ar3 is a bivalent aromatic ring group or a bivalent heterocyclic group,
R is an alkyl group or an aromatic ring group, R2 is a hydrogen atom, an alkyl group or an aromatic ring group,
and ny is 1 or 2, R! and R2 may be joined together to form a ring when n; = 1:

(B) triarylamine compounds having a structure expressed by the following formula (2) and a melting point not
higher than 150°C,;

(2)

wherein Ar¢, Ar® and Ar® are each an aromatic ring group or a heterocyclic group:
(C) hydrazone compounds having a structure expressed by the following formula (3) and a melting point not higher
than 155°C;

=N—N (3)

wherein R® is a hydrogen atom or an alkyl group, R* and R® are alkyl groups, aralkyl groups or aromatic ring
groups, n, is 1 or 2, A is an aromatic ring group, a heterocyclic group or - CH = G(R8)R7 (R® and R7 are hydrogen
atoms, aromatic ring groups or heterocyclic groups, provided that Ré and R7 are not both hydrogen atoms at the
same time).

In the formula (1), Ar!' and Ar2 are each an aromatic ring group such as phenyl, naphthyl and anthryl. A is a
bivalent aromatic ring group or a bivalent heterocyclic group derived from removing two hydrogen atoms from such an
aromatic ring as benzene, naphthalene and anthracene, or such a heterocyclic group as thiophene and furan. R is
an alkyl group such as methyl, ethyl, propyl and butyl, or an aromatic ring group such as phenyl and naphthyl. R2 is
an alkyl group such as methyl, ethyl, propyl and butyl; an aromatic ring group such as phenyl and naphthyl; or a
hydrogen atom.

Arl, Ar2, A3, R! and R2 each may have substituents. Examples of possible substituents include an alkyl group
such as methyl, ethyl, propyl and butyl; an alkoxy group such as methoxy, ethoxy and propoxy; an aryloxy group such
as phenoxy and naphtoxy; a halogen atom such as fluorine, chlorine and bromine; or a di-substituted amino group
such as dimethylamino, diethylamino and diphenylamino. Further, when n; = 1, R and R2 may link to form a ring
directly or via an atom such as carbon, sulfur and oxygen.

In the formula (2), Ar4, Ar® and Ar® are each an aromatic ring group such as phenyl, naphthyl, anthryl, pyrenyl,
fluorenyl, phenanthryl, 9,10-dihydrophenanthryl and fluorenonyl, or a heterocyclic group such as pyridyl, quinolyl,
dibenzothienyl, dibenzofuryl, N-methylcarbazole, N-ethylcarbazole and N-tolylcarbazole.

The aromatic ring groups or the heterocyclic groups of Ar*, Ar® and Ar® each may have substituents thereof.
Examples of possible substituents include an alkyl group such as methyl, ethyl, propyl and butyl; an aralky! group such

12
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as benzyl, phenetyl, and naphthylmethyl; an alkoxy group such as methoxy, ethoxy, and propoxy; an aryloxy group
such as phenoxy and naphtoxy; a halogen atom such as fluorine, chlorine and bromine; an aromatic ring group such
as phenyl and biphenyl; a diaryl amino group such as diphenyl amino and ditolyl amino; a dialkyl amino group such
as dimethyl amino and diethyl amino; a diaralkyl amino group such as dibenzyl amino and diphenetyl amino; an alkyl
aralkyl amino group such as benzylmethyl amino and benzylethyl amino; a nitro group; or a hydroxy group.

In the formula (3), R3 is an alkyl group such as methyl, ethyl and propyl, or a hydrogen atom. R* and R5 are each
an alkyl group such as methyl, ethyl and propyl, an aralkyl group such as benzyl and phenetyl, or an aromatic ring
group such as phenyl, naphthyl and anthryl. Note that R* and R® may link to form a ring. n, is 1 or 2. R* and R® each
may have substituents thereof. Examples of possible substituents include an alkyl group such as methyl and ethyl; an
alkoxy group such as methoxy and ethoxy; or a halogen atom such as fluorine, chlorine and bromine.

A is an aromatic ring group such as phenyl, naphthyl, anthryl and pyrenyl; a heterocyclic group such as thienyl,
furyl, N-methylcarbazole and N-ethylcarbazole; or - CH = C(Ré)R7? (where R6 and R? are hydrogen atoms, aromatic
ring groups or heterocyclic groups, provided that R® and R7 are not both hydrogen atoms at the same time). Those
aromatic ring groups and the heterocyclic groups may have substituents. Examples of substituents include an alkyl
group such as methyl and ethyl; an alkoxy group such as methoxy and ethoxy; a halogen atom such as fluorine, chlorine
and bromine; a dialkyl amino group such as dimethyl amino and diethyl amino; a diaralkyl amino group such as dibenzyl
amino and diphenetyl amino; or a diaryl amino group such as diphenyl amino and di(p-tolyl) amino.

Enumerated below are styryl compounds having the structure expressed by the formula (1) and their melting points.
Of the illustrated compounds, No. (1)-1 to (1)-22 are styryl compounds having a melting point not higher than 135°C
and used in the present invention, whereas No. (1)-23 to (1)-40 are styryl compounds having the structure expressed
by the formula (1), but of which melting points are higher than 135°C, and thus departing from the scope of the present
invention. It should be understood that the kinds of styryl compounds usable in the present invention are of course not
limited to the following examples.

13
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Enumerated below are triarylamine compounds having the structure expressed by the formula (2) and their melting
points. Of the illustrated compounds, No. (2)-1 to (2)-45 are triarylamine compounds having a melting point not higher
than 150°C and used in the present invention, whereas No. (2)-46 to (2)-72 are triarylamine compounds having the
structure expressed by the formula (2), but of which melting points are higher than 150°C, and thus departing from the
scope of the present invention. It should be understood that the kinds of triarylamine compounds usable in the present
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invention are of course not limited to the following examples.
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Enumerated below are hydrazone compounds having the structure expressed by the formula (3) and their melting
points. Of the illustrated compounds, No. (3)-1 to (8)-27 are hydrazone compounds having a melting point not higher
than 155°C and used in the present invention, whereas No. (3)-28 to (3)-47 are hydrazone compounds having the
structure expressed by the formula (8), but of which melting points are higher than 155°C, and thus departing from the
scope of the present invention. It should be understood that the kinds of hydrazone compounds usable in the present
invention are of course not limited to the following examples.
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The photosensitive layer of the electrophotographic photosensitive member in the present invention may be of
either the single-layer type that a charge generating material and a charge transporting material are contained in the
same layer, or the laminated type that a charge transporting layer containing a charge transporting material and a

charge generating layer containing a charge generating material are functionally separated from each other.

The laminated type photosensitive layer will now be described. An arrangement of the laminated type photosen-
sitive layer is divided into two types; one formed by laminating the charge transporting layer over the charge generating

layer, and the other formed by laminating the charge generating layer over the charge transporting layer.
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The charge transporting layer used in the present invention is formed by dissolving at least one of the compounds
(A), (B) and (C) as the charge transporting material into resin, which has a film forming ability, using an appropriate
solvent to prepare a coating solution, and then applying and drying the coating solution. As such resin, there can be
used any kind of resin which has been conventionally employed for the charge transporting layer, in addition to the
resin obtained by hardening the acrylic monomer of the present invention, and includes, for instance, polyester, poly-
carbonate, polymethacrylic acid and polystyrene. The thickness of the charge transporting layer is preferably in a range
of 510 40 um, more preferably, in a range of 10 to 30 um. In the present invention, the charge transporting layer may
be further added with any other suitable charge transporting materials than the compounds (A), (B) and (C).

The charge generating layer in the present invention is formed by dispersing a charge generating material into
bonding resin to prepare a dispersed solution, and then coating and drying the dispersed solution. As such bonding
resin, there can be used the resin of the present invention which is obtained by hardening acrylic monomer and includes,
for instance, polyvinyl butyral, polystyrene, polyvinyl acetate, acrylic resin, cellulose acetate and ethyl cellulose. Ex-
amples of the charge generating material include azo pigment such as Sudan red and Dian blue; quinone pigment
such as pyrene quinone and anth-anthrone; quinocyanin pigment; perylene pigment; indigo pigment such as indigo
and thioindigo; azulenium salt pigment; or phthalocyanine pigment such as copper phthalocyanine and titanyl phthalo-
cyanine. The thickness of the charge generating layer is preferably not greater than 5 um, more preferably in a range
of 0.05t0 2 um.

The single-layer type photosensitive layer will be next described. The single-layer type photosensitive layer is
formed by preparing such a solution that at least one of the compounds (A), (B) and (C) and the charge generating
material are dissolved and dispersed into the aforesaid resin, and then coating and drying the solution. The thickness
of the single-layer type photosensitive layer is preferably in a range of 5 to 40 um, more preferably in a range of 10 to
30 pm.

The conductive support for use in the present invention may be of any material so long as it has conductivity, which
includes, for instance, a metal or an alloy such as aluminum, chromium, nickel, stainless steel, copper and zinc; a
composite formed by laminating a metal foil, such as aluminum and copper, over a plastic film; another composite by
coating aluminum, indium oxide, tin oxide and the like over a plastic film with vapor deposition; or a metal, a plastic
film, paper and the like on which a conductive layer is provided by coating a conductive material solely or together with
appropriate binder resin.

Examples of the conductive material used in that conductive layer include powder, a foil and fibers of a metal such
as aluminum, copper, nickel and silver; a conductive metal oxide such as antimony oxide, indium oxide and tin oxide;
a high molecular conductive material such as polypyrrole, polyaniline and high molecular electrolyte; carbon black,
graphite powder and an organic or inorganic electrolyte; or conductive powder of which surface is coated with any of
those conductive materials.

Although the conductive support may be in the form of a drum, sheet, belt or the like, the support is preferably
formed into any desired shape optimum for the electrophotographic apparatus in which it is employed.

In addition, an underlying layer may be provided between the conductive support and the photosensitive layer.
The underlying layer functions as a barrier layer for controlling injection of charges at the interface between itself and
the photosensitive layer, and/or as a bonding layer therebetween. The underlying layer comprises primarily bonding
resin, but may contain any of the aforesaid metals and alloys, or oxides and salts thereof, and surface active agents.
Examples of the bonding resin forming the underlying layer are polyester, polyurethane, polyacrylate, polyethylene,
polystyrene, polybutadiene, polycarbonate, polyamide, polypropylene, polyimide, phenol resin, acrylic resin, silicone
resin, epoxy resin, urea resin, allyl resin, alkyd resin, polyamide imide, nylon, polysulphone, polyallyl ether, polyacetal
and butyral resin. The film thickness of the underlying layer is preferably in a range of 0.05 - 7 um, more preferably in
arange of 0.1 to 2 um.

Each of the above-mentioned layers can be formed by using vapor deposition and coating. Particularly, the coating
method is preferable because it can form a wide variety of films ranging from a thin one to a thick one with various
compositions. The coating method includes, for instance, immersion coating, spray coating, beam coating, bar coating,
blade coating and roller coating.

The electrophotographic photosensitive member of the present invention is applicable to not only electrophoto-
graphic copying machines, but also a wide field of electrophotographic applications such as a laser beam printer, CRT
printer, LED printer, liquid crystal printer, facsimile machine and laser printing machine.

Fig. 1 shows an example of schematic arrangement of a transfer-type electrophotographic apparatus using an
electrophotographic photosensitive member of the present invention.

In Fig. 1, denoted at 1 is a drum-type electrophotographic photosensitive member of the present invention, as an
image carrier, which is driven to rotate around a shaft 1a in the direction of arrow of a predetermined circumferential
speed. While making a rotation, the photosensitive member 1 is charged uniformly into a positive or negative prede-
termined potential on the circumferential surface, and then subjected to an optical image exposure L (such as slit
exposure and laser beam scanning exposure) by image exposure means (not shown) at an exposure section 3. Through
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the above steps, an electrostatic latent image corresponding to the exposure image is successively formed on the
circumferential surface of the photosensitive member.

Thereafter, the electrostatic latent image is developed using toner by development means 4, and the toner-devel-
oped image is successively transferred by transfer means 5 to the surface of a transfer material P fed from a paper
feeder (not shown) between the photosensitive member 1 and the transfer means 5 in synchronism with the rotation
of the photosensitive member 1.

The transfer material P having the image transferred thereto is separated from the surface of the photosensitive
member and introduced to an image fixing means 8 for fixing of the image, following which it is printed out as a repro-
duced product (copy) outside of the apparatus.

After the image transfer, the surface of the photosensitive member 1 is cleaned by cleaning means 6 to remove
the toner left, and the charges remaining on the surface is removed by pre-exposure means 7 for the repeated image
forming.

As the uniformly charging means 2 for the photosensitive member 1, a corona charging device is generally in
widespread use. As the transfer means 5, a corona charging device is also generally in widespread use. The electro-
photographic apparatus may be arranged such that, of the above components such as the photosensitive member,
the development means and the cleaning means, any plural ones are integrated into a device unit, which is attached
to the apparatus body in a detachable manner. For instance, it is also possible to integrate the photosensitive member
1 and the cleaning means 6 into a single device unit, and detachably attach the unit to the apparatus body by guide
means such as rails provided therein. In this case, the charging means and/or the development means may be further
integrated into the device unit.

Where the electrophotographic apparatus is used as a copying machine or a printer, the optical image exposure
L is performed by receiving the reflected light or passing light from or through an original, or directly reading the original
for conversion into an electric signal, and then scanning a laser beam driving an LED array, or driving a liquid crystal
shutter array in response to the electric signal.

In the case of using the electrophotographic apparatus as a printer for a facsimile machine, the optical image
exposure L is performed to print the received data. Fig. 2 shows an example of this case in the form of a block diagram.

A controller 11 controls an image reading part 10 and a printer 19. The controller 11 is controlled in its entirety by
a CPU 17. The read data from the image reading part 10 is transmitted to a partner station via transmitting circuit 13.
The data received from the partner station is sent to the printer 19 via a receiving circuit 12. An image memory 16
stores predetermined image data therein. A printer controller 18 controls the printer 19. Denoted at 14 is a telephone set.

The image information received from a line 15 (i.e., the image information received from a remote terminal con-
nected via the line) is demodulated by the receiving circuit 12, decoded by the CPU 17, and then stored in the image
memory 16 successively. When the image information of at least one page is stored in the memory 16, image recording
of that page takes places. The CPU 17 reads the image information of one page out of the memory 16 and sends the
decoded image information of one page to the printer controller 18. Upon receiving the image information of one page
fromthe CPU 17, the printer controller 18 controls the printer 19 to perform the image information recording of that page.

Note that during the recording by the printer 19, the CPU 17 is receiving the image information of next page.

The receiving and recording of images are carried out in this manner.

The present invention is described in more detail with the following examples.

Example 1

10 parts of alcohol-soluble copolymer nylon resin (weight-average molecular weight: 29,000) and 30 parts of meth-
oxymethyl 6-nylon resin (weight-average molecular weight: 32,000) were solved into a mixed solvent of 260 parts of
methanol and 40 parts of butanol. The mixture was coated over a glass substrate by dipping to form an undercoat
layer of 1 um thickness.

10 parts of the afore-exemplified styryl compound (1)-4 as a charge transport material was solved together with
10 parts of polycarbonate (weight-average molecular weight: 46,000) into a mixed solvent of 20 parts of methylene
chloride and 40 parts of chlorobenzene. This solution was coated by dipping on the above undercoat layer, and dried
at 120°C for 60 minutes to form a charge transport layer of 18 um film thickness.

Dispersed for 12 hours by a sand mill apparatus using glass beads with diameter of 1 mm were 4 parts of disazo
pigment represented by the below formula, 2 parts of polyvinyl butyral (rate of butyralization: 68%, weight average
molecular weight: 24,000), and 34 parts of cyclohexanone.
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NHCO OH HO_  (CONH),

@ H=N\_0_ J"—@Nﬂi
& S

Then, a dispersion liquid for charge generation layer was prepared by adding 60 parts of tetrahydrofuran (THF) into
the above dispersed mixture. The dispersion liquid was coated by spraying over the above charge transport layer, and
then dried at 80°C for fifteen minutes to form a charge generation layer of 0.20 um film thickness, providing a photo-
sensitive layer of laminating type.

Next dispersed for 48 hours by the sand mill were 60 parts of the afore-exemplified acrylic monomer (20), 30 parts
of tin oxide ultrafine particles with an average particle diameter before dispersion of 400 A, 2 parts of 2-methylthiox-
anthone as a photoinitiator, 100 parts of toluene, and 200 parts of methyl cellosolve.

Using the dispersion liquid, a film was formed on the photosensitive layer by beam coating, and then dried. A
protection layer was obtained by photo-setting for twenty seconds with a high pressure mercury vapor lamp of 8 mW/
cm? intensity. A film thickness of protection layer was 4 um. Dispersion in the composition liquid of the protection layer
was good and the surface thereof was uniform without unevenness.

The thus formed photosensitive member was observed by a transmission microscope with back light at an angle
of 15° to check a degree of cracks appeared. Evaluation was conducted with three ranks of O, A, and X judged from
appearance of cracks in the entire field of view by the microscope of 10 X magnification. O represents no cracks, A
not more than five relatively small cracks within 1 ¢cm, and X more than five cracks or layer crack(s) than 1 cm.

Similar evaluation was performed for the photosensitive members made from other styryl compounds as listed in
Table 1. Evaluation results are also shown in Table 1.

TABLE 1
Exemplified styryl compound No. | Melting Pt. of styryl compound (°C) Crack appearance on photosensitive
member
(1)-4 52~53 O
(1)-6 83.5~84.5 O
(1)-8 89.0~91.0 O
(1)-10 100~101 O
(1)-12 108~109 O
(1)-17 123.0~124.5 O
(1)-18 125.5~126.5 O
(1)-20 128.5~129.5 O
(1)-22 132.5~133.5 O
(1)-28 136.5~137.5 A
(1)-24 139~140 A
(1)-26 142~143 A
(1)-29 153.5~154.5 A
(1)-33 157.5~158.5 X
(1)-37 167.5~168.5 X
(1)-39 169~170 X
(1)-40 175~176.5 X

As shown in Table 1, as the melting point of charge transport material decreases, the appearance of crack also de-
creases to become null at and below 135°C.
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Example 2

A coating material for conductive layer was prepared by dispersing by the sand mill apparatus using the glass
beads of 1 mm diameter for two hours 50 parts of conductive titanium oxide powder coated by tin oxide containing
antimony oxide of 10%, 25 parts of phenol resin, 20 parts of methyl cellosolve, 5 parts of methanol, and 0.002 parts
of silicone oil (polydimethylsiloxane polyoxyalkylene copolymer, average molecular weight: 3,000). The coatingmaterial
was coated by dipping on an aluminum cylinder (&30 mm x 260 mm), and dried at 140°C for thirty minutes. A conductive
layer of film thickness of 20 um was thus formed.

Then an undercoat layer was formed in the same process as in Example 1, and a photosensitive layer and a
protection layer were successively layered thereon in the same process as in Example 1 except use of the afore-
exemplified styryl compound No. (1)-17 as the charge transport material, providing a photosensitive member.

The thus formed electrophotographic photosensitive member was assembled in a copier of positive development
type, which repeats 1.5 sec cycle of charge, exposure, development, transfer, and cleaning processes. Electrophoto-
graphic properties were evaluated at the ordinary temperature in the ordinary humidity, and 10,000 times of image
formation were repeated as a durability test.

Results are shown in Table 2. As shown in Table 2, the photosensitive member of Example 2 showed the sensitivity
and the residual potential equivalent to those of a photosensitive member of Comparative example 1 without a protec-
tion layer, while keeping stable images without unevenness and black dot. Further, the photosensitive member of the
present invention provided the stable images without occurrence of image degradation such as black band, which is
an image defect of black belt.

Examples 3 -7

Photosensitive members were prepared in the same manner as in Example 2 except that used were the afore-
exemplified styryl compound Nos. (1)-7, (1)-9, (1)-13, (1)-16, and (1)-20 as the charge transport material and the afore-
exemplified monomers (2), (7), (13), (15), and (18), respectively, as the acrylic monomer for protection layer, and
evaluated similarly.

Results are shown in Table 2.

Example 8

A conductive layer and an undercoat layer were provided on an aluminum cylinder in the same manner as in
Example 2.

Dispersed for 20 hours by the sand mill apparatus using the glass beads of & 1 mm were 4 parts of disazo pigment
represented by the below formula, 2 parts of polyvinyl benzal (rate of benzalization: 80%, weight average molecular
weight: 11,000), and 30 parts of cyclohexanone.

:!

CHs

G
I

Then, a dispersion liquid for charge generation layer was prepared by adding 60 parts of methylethyl ketone into the
above dispersed mixture.

The dispersion liquid was coated by spraying over the above-mentioned undercoat layer, and then dried at 80°C
for fifteen minutes to form a charge generation layer of 0.20 um film thickness.

10 parts of the afore-exemplified styryl compound (1)-21 as the charge transport material was then solved together
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with 10 parts of polycarbonate (weight average molecular weight: 25,000) into a mixed solvent of 20 parts of methylene
chloride and 40 parts of chlorobenzene. This solution was coating by dipping on the above undercoat layer, and dried
at 120°C for 60 minutes to form a charge transport layer of 15 um film thickness.

An electrophotographic photosensitive member was obtained by forming a protection layer on the charge transport
layer in the same manner as in Example 2.

The thus formed electrophotographic photosensitive member was assembled in a laser printer of reversal devel-
opment type, which repeats 1.5 sec cycle of charge, laser exposure, development, transfer, and cleaning processes.
Electrophotographic properties were evaluated at the ordinary temperature under the ordinary pressure, and 10,000
times of image formation were repeated as a durability test.

Results are shown in Table 2.

Example 9

Layers up to the photosensitive layer were formed in the same manner as in Example 8. Then a mixed liquid of
20 parts of the afore-exemplified acrylic monomer (21), 30 parts of methanol, 50 parts of methoxypropanol, and 2 parts
of 2-methylthioxanthone as a photoinitiator was coated by dipping on the photosensitive layer, and dried at 60°C for
an hour. After the drying, it was subjected to photo-setting by the high pressure mercury vapor lamp in the same manner
as in Example 1 to obtain a protection layer. The film thickness of the protection layer was 0.8 um. The resulting
photosensitive member was evaluated in the same way as in Example 8.

Results are shown in Table 2.

Examples 10 - 12

Photosensitive members were made in the same manner as in Example 2 except that their charge transport ma-
terials were prepared from the following compositions, and evaluated similarly.

Example 10:  Exemplified styryl compound

No. (1)-15 50 parts, No. (1)-29 50 parts
Example 11:  Exemplified styryl compound

No. (1)-3 20 parts, No. (1)-30 80 parts
Example 12:  Exemplified styryl compound

No. (1)-21 60 parts, No. (1)-31 40 parts

Results are shown in Table 2.

Comparative Example 1

A photosensitive member was made in the same manner as in Example 2 except that no protection layer was
formed, and evaluated similarly. Results are shown in Table 2. As shown in Table 2, the photosensitive member of
Comparative example 1 showed good initial electrophotographic properties, but had a difficulty in formation of good
image after the durability test of 300 sheets because of abrasion of the charge generation layer surface.

Comparative Example 2

A photosensitive member was made in the same manner as in Example 2 except that the integrating resin in the
protection layer was a polycarbonate resin. Using the photosensitive member, evaluation was conducted similar to
Example 2.

Results are shown in Table 2.

Comparative Examples 3 -5

Photosensitive members were made in the same manner as in Example 2 except that the afore-exemplified styryl
compound Nos. (1)-26, (1)-28, and (1)-38 were used as the charge transport material, and evaluated similarly.
Results are shown in Table 2.
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TABLE 2
Image Abrasion amount
after durability test
()
Residual potential Initial condition Condition after
(V) 10,000 sheets
Example 2 25 Good Good 0.8
Example 3 35 Good Good 1.5
Example 4 35 Good Good 1.8
Example 5 30 Good Good 1.3
Example 6 30 Good Good 1.5
Example 7 15 Good Good 1.8
Example 8 -25 Good Good 0.9
Example 9 -60 Good Good 0.4
Example 10 25 Good Good 0.8
Example 11 30 Good Good 0.8
Example 12 30 Good Good 0.7
Comparative 10 Good Image defect after -
example 1 300 sheets
Comparative 90 Black dot Image defect after 3.1
example 2 occurrence 7,000 sheets
Comparative 30 Image defectdueto | Image defect due to 0.8
example 3 cracks cracks
Comparative 25 Image defectdueto | Image defect due to 0.8
example 4 cracks cracks
Comparative 25 Image defectdueto | Image defect due to 0.7
example 5 cracks cracks
Example 13

Photosensitive members were made in the same manner as in Example 1 except that triarylamine compounds as

listed in Table 3 were used as the charge transport material, and evaluated similarly.
Results are shown in Table 3.

TABLE 3

Exemplified triarylamine compound

Melting Pt. of triaylamine compound

Crack appearance on

No. (°C) photosensitive member
(2)-5 82~84 O
(2)-8 96~97 O
(2)-9 96~98 O
(2)-11 100~101 O
(2)-15 105~1086.5 O
(2)-20 116~117 O